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(54) SILICONE FOAM AND METHOD FOR PRODUCING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a silicone foam having a small pore size, excellent rigidity 
and excellent heat insulation, and to provide a method for producing the silicone foam by which the 
silicone foam can be produced in a state that the change of the volume is small before and after 
the foamed is formed. 

SOLUTION: This method for producing the silicone foam is characterized by comprising the first 
process for obtaining a wateHn-oil type emulsion curing raw material comprising 100 pts. wt. of an 
alkenyl group-containing organopolysiloxane, 1 to 300 pts. wt. of a surfactant, 0.1 to 50 pts. wt. of a 
hydrogen organopolysiloxane, 20 to 1 ,500 pts. wt. of water, and a platinum group element catalyst, 
the second process for heating the water-in-oi! type emulsion curing raw material to subject the 
water-in-oil type emulsion curing raw material and the hydrogen organopolysiloxane in the oil layer 
to an addition reaction to obtain the wet silicone foam, and the third process for removing the 
water from the wet silicone foam to obtain the silicone foam. 
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CLAIMS 



[Claim(s)3 
[Claim 1] 

Alkenyl-group content organopolysiloxane 1 00 weight section, one to surface-active agent 300 
weight section, The 1st process of obtaining aW/O type emulsion hardening raw material including 
0.1 to hydrogen organopolysiloxane 50 weight section, 20 to water 1500 weight section, and a 
platinum group system catalyst, Heat this W / O type emulsion hardening raw material, and the 
addition reaction of said alkenyl-group content organopolysiloxane and said hydrogen 
organopolysiloxane in an oil reservoir is carried out, A manufacturing method of silicone foam 
including the 3rd process of removing moisture in silicone foam of the 2nd process of obtaining 
silicone foam of a damp or wet condition, and this damp or wet condition, and obtaining silicone 
foam. 
[Claim 2] 

Said 1st process Alkenyl-group content organopolysiloxane 100 weight section, One to surface- 
active agent 300 weight section, Hydrogen organopolysiloxane 0.1 - 50 weight sections are added in 
the 1st (a) process and this W / O type emulsion reserve raw material which obtain a W / O type 
emulsion reserve raw material including 20 to water 1 500 weight section, and a platinum group 
system catalyst. A manufacturing method of the silicone foam according to claim 1 consisting of the 
1st (b) process of obtaining a W / O type emulsion hardening raw material. 
[Claim 3] 

A manufacturing method of the silicone foam according to claim 1 or 2, wherein said surface-active 
agent is hydrophilic radical denaturation organopolysiloxane. 
[Claim 4] 

Said hydrophilic radical denaturation organopolysiloxane Carbinol modified silicone oil, A 
manufacturing method of the silicone foam according to claim 3 being at least one sort of silicone oil 
chosen from a group which consists of polyether modified silicone oil, epoxy modified silicone oil, 
and carboxyl modified silicone oil. 
[Claim 5] 

Silicone foam, wherein density is 0.10-0.80g[/cm ] 3 and an average pore diameter is 5-100 
micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to silicone foam suitably used as shock absorbing material or thermal 

insulation, and a manufacturing method for the same. 

[0002] 

[Description of the Prior Art] 

Conventionally, various methods are known as a manufacturing method of silicone foam. For 
example, the method of obtaining silicone foam by making it harden using silicone rubber of the kind 
in which it foams at the time of hardening The method (JP,H7-122000,B) of making it foam by 
generating of the steam at the time of heating is known by using the aquosity emulsion containing 
the water and the viscous agent as alkenyl-group content organopolysiloxane, an emulsifier, and a 
foaming agent as a base. 
[0003] 

[Problem to be solved by the invention] 

However, in the method to which the above gases are made to foam, since the path of the stoma in 
silicone foam was as large as about hundreds-1 000 micrometers, rigidity and adiathermancy became 
insufficient easily. In order to make it foam with a gas, the problem that it was large and shaping with 
a mold was difficult also had a volume change before and behind foam curing. In order to make it 
foam with a gas, there was a problem that dispersion in the size of a stoma was large and it was 
difficult to control in a uniform size. 
[0004] 

Therefore, the purpose of this invention is to provide the manufacturing method of the silicone foam 
which can be manufactured in the state where the size of a stoma is small, and a volume change is 
small before and after form forming the silicone foam which is excellent in rigidity and 
adiathermancy, and this silicone foam. 
[0005] 

[Means for solving problem] 

As a result of inquiring wholeheartedly, this invention persons in this actual condition Alkenyl-group 
content organopolysiloxane, The size of a stoma is small, when a W / O type emulsion hardening raw 
material including a surface-active agent, hydrogen organopolysiloxane, water, and a platinum group 
system catalyst is heated and the addition reaction of alkenyl-group content organopolysiloxane and 
hydrogen organopolysiloxane in an oil reservoir is carried out, Before and after form forming the 
silicone foam which is excellent in rigidity and adiathermancy, a volume change finds out that it can 
manufacture in the small state, and came to complete this invention. 
[0006] 

This invention Namely, alkenyl-group content organopolysiloxane 100 weight section, One to 
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surface-active agent 300 weight section, 0.1 to hydrogen organopolysiioxane 50 weight section, The 
1 st process of obtaining a W / O type emulsion hardening raw material including 20 to water 1500 
weight section, and a platinum group system catalyst, Heat this W / O type emulsion hardening raw 
material, and the addition reaction of said alkenyl-group content organopolysiioxane and said 
hydrogen organopolysiioxane in an oil reservoir is carried out, The manufacturing method of silicone 
foam including the 3rd process of removing the moisture in the silicone foam of the 2nd process of 
obtaining the silicone foam of a damp or wet condition, and this damp or wet condition, and obtaining 
silicone foam is provided. 
[0007] 

As for this invention, density provides silicone foam, wherein 0.10 - 0.80 g/cm 3 and an average pore 

diameter are 5-100 micrometers. 

[0008] 

[Mode for carrying out the invention] 

The 1st process is a process of obtaining a W / O type emulsion hardening raw material including 
alkenyl-group content organopolysiioxane, a surface-active agent, hydrogen organopolysiioxane, 
water, and a platinum group system catalyst. 
[0009] 

The alkenyl-group content organopolysiioxane used by this invention is the following average 
composition formula (1). 

Rl n Si0 (4-n)/2< 1 > 

( — substitution that the inside of a formula and R 1 are the same, or of a different kind or an 
unsubstituted monovalent hydrocarbon group, and n — 1 .95-2.08 — it is a positive number of 1 .98- 
2.02 preferably.) — it is organopolysiioxane shown and has the alkenyl group combined with an 
average of two or more silicon atoms in the molecule. 
[0010] 

R 1 is the carbon numbers 1-12 combined with the silicon atom especially the substitution of 1-8, or 
an unsubstituted monovalent hydrocarbon group here, For example, a methyl group, an ethyl group, a 
propyl group, an isopropyl group, a butyl group, An isobutyl group, a tert-butyl group, a pentyl group, 
a neopentyl group, Alkyl groups, such as a hexyl group, a heptyl group, an octyl group, a nonyl group, 
a decyl group, and dodecyl, Cycloalkyl groups, such as a cyclopentylic group, a cyclohexyl group, and 
a cycloheptyl group, A vinyl group, an ally! group, a propenyl group, an isopropeny! group, a butenyl 
group, Alkenyi groups, such as an isobutenyl group, a hexeny! group, and a cyclohexenyl group, Aryl 
groups, such as a phenyl group, a toiyl group, a xylyl group, a naphthyl group, and a biphenyl group, 
The chloromethyl group by which some or all of the hydrogen atom in aralkyl groups, such as benzyl, 
a phenylethyl group, a phenylpropyl group, and a methylbenzyl group, or these hydrocarbon groups 
was replaced by halogen atoms, cyano groups, etc., such as F, CI, and Br, 2-bromoethyl group, a 
3,3,3-trifluoropropyl group, 3-chloropropyl group, a cyanoethyl group, etc. are mentioned. 
[0011] 

In this case, at least an average of two in the substitution shown by the above-mentioned R 1 or an 
unsubstituted monovalent hydrocarbon group are an alkenyl group, and, as for especially the 
quantity of an alkenyl group, 0.001-0.1 mol is preferred 0.0001-1 mol in the alkenyl-group content 
organopolysiioxane 100g. It may combine with the silicon atom of molecular chain terminals, or may 
combine with the silicon atom in the middle of a chain, and an alkenyl group may exist in both. 
[0012] 

As for n, it is preferred among the above-mentioned formula (1) 1.95-2.08, and that it is a positive 
number of 1.98-2.02 preferably, and the molecular structure of this alkenyl-group content 
organopolysiioxane is straight chain shape which consists of a repetition of JIORUGANO siloxane 
units. Although it is preferred that it is what has an alkenyl group in chain both ends at least, it may 
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have the branched state structure which includes R 1 Si0 3 f 2 unit, and Si0 4 ^ 2 unit in a P art As for 
this alkenyl-group content organopolysiloxane, it is preferred that those molecular chain terminals 
are blocked by bird organosilyl groups, such as trivinylsilyl, methyidi vinylsilyl, dimethyivinylsilyi, or a 
trimethylsilyl group. 
[0013] 

It is usually 25 or more cSt at 25 **, and since emulsion-izing according that it is 250 - 10,000cSt 
still more preferably to churning is preferably easy for the viscosity of this alkenyl-group content 
organopolysiloxane 25 to 500,000 cSt, it is preferred. 
[0014] 

As a surface-active agent used by this invention, hydrophilic radical denaturation organopolysiloxane 
is mentioned, for example. Here, hydrophilic radical denaturation organopolysiloxane means the 
organopolysiloxane which has hydrophilic radicals, such as a hydroxyl group and an organic group 
which has an ether bond. Since alkenyl-group content organopolysiloxane and hydrogen 
organopolysiloxane which are contained in an oil reservoir in this invention as the hydrophobic part 
of a surface-active agent is organopolysiloxane, and compatibility are good, it is desirable. At least 
one sort chosen from the group which consists of carbinol modified silicone oil, polyether modified 
silicone oil, epoxy modified silicone oil, and carboxyl modified silicone oil as such hydrophilic radical 
denaturation organopolysiloxane, for example is mentioned. 
[0015] 

As for hydrophilic radical denaturation organopolysiloxane, if only the both ends or one end of a 
molecule denaturalizes by a hydrophilic group, in order that hydrophilic radical denaturation 
organopolysiloxane may show the dispersion effect of the waterdrop by steric exclusion, the form of 
independent stoma structure will become is easy to be obtained. On the other hand, if the side chain 
of a molecule denaturalizes by a hydrophilic group, hydrophilic radical denaturation 
organopolysiloxane has the weak electrostatic repulsion between waterdrop, and since waterdrop 
adjoins and exists in an emulsion, the form of continuation stoma structure will become is easy to 
be obtained. Therefore, what is necessary is just to choose the kind of hydrophilic radical 
denaturation organopolysiloxane suitably according to the stoma structure expected to the silicone 
foam to manufacture. 
[0016] 

although HLB of a surface-active agent is not what is limited especially since a W / O type emulsion 
hardening raw materia! should just be obtained as a result in this invention — usually — 0-6 — it is 
0-4 preferably. 
[0017] 

The viscosity at 25 ** of a surface-active agent is usually 10 - 1000cSt preferably ten to 30000 
cSt. When viscosity is in this within the limits, since emulsion-izing by churning is easy, it is 
desirable. 
[0018] 

The hydrogen organopolysiloxane used by this invention, It is organopolysiloxane which has at least 
two SiH groups (namely, hydrogen atom combined with the silicon atom) in one molecule, Although it 
may be any of straight chain shape, annular, branched state, and three-dimensional network 
structure and the publicly known ORGANO hydrogen polysiloxane can be used as a hardening agent 
(cross linking agent) of an addition reaction hardening type silicone rubber composition, it is usually 
the following average composition formula (2). 
R 2 a H b SiO (4 . a _ b) /2 (2) 

the inside of a formula and R 2 are the same as that of the above-mentioned R 1 — desirable — the 
carbon numbers 1-12 — especially — the alkyl group of 1-8. It is an alkenyl group, an aryl group, an 
aralkyl group, and unsubstituted or the substitution monovalent hydrocarbon group of these 
halogenation objects, and what does not contain aliphatic unsaturated bonds is preferred, and a 
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methyi group, a phenyl group, and a 3,3,3-trifluoropropyl group are preferred especially, a and b are 

0. 802<=a+b<=3 and a positive number which fills 1.01 <=a+b<=2.5 with 1<=a<=2 and 0.01<=b<=1 
preferably in 0.8<=a<=2.2 and 0.002<=b<=1 . What is shown can be used. 

[0019] 

Although it has preferably the three or more above-mentioned SiH groups in [ at least two ] one 
molecule, this may be in molecular chain terminals, or there may be in the middle of a chain. Since 
emulsion-izing according that the viscosity at 25 ** is especially 1 - 1,0O0cSt one to 10,000 cSt to 
churning is easy for the ORGANO hydrogen polysiloxane, it is preferred. As for especially the 
ORGANO hydrogen polysiloxane, it is preferred that the 2-500 number of degrees of polymerization, 

1. e., the silicon atom in one molecule, is 4-200. 
[0020] 

The platinum group system catalyst used by this invention is a catalyst for carrying out the addition 
reaction of the silicon atom absorbed water matter atom in hydrogen organopolysiloxane to the 
alkenyl group of alkenyl-group content organopolysiloxane. As a platinum group system catalyst, 
there are the metal simple substance and compound of a platinum group, and a publicly known thing 
can be conventionally used for this. For example, the particie-like platinum metal made to adsorb on 
platinum black, silica, alumina, or a carrier iike silica gel, A complex with platinic chloride, 
chloroplatinic acid, and chloroplatinic acid 6 monohydrate, an olefin, or divinyl dimethylpolysiloxane, 
the alcohol solution of chloroplatinic acid 6 monohydrate, a palladium catalyst, a rhodium catalyst, 
etc. are mentioned. 
[0021] 

In the 1st process, the above-mentioned alkenyl-group content organopolysiloxane, a surface-active 
agent, hydrogen organopolysiloxane, water, and a platinum group system catalyst are mixed, and the 
W / O type emulsion hardening raw material containing these is obtained. In this invention, say a W / 
O type emulsion hardening raw material, and the raw materia! of the heat cure of the 2nd process 
specifically, St is a mixture including alkenyl-group content organopolysiloxane, a surface-active 
agent, hydrogen organopolysiloxane, water, and a platinum group system catalyst, and what presents 
a W / O type emulsion is said. 
[0022] 

It is not limited, and may dissolve, for example in a suitable order for water, and especially mixed 
sequence forewords, such as alkenyl-group content organopolysiloxane in the case of preparation of 
aW/O type emulsion hardening raw material, may mix these simultaneously. However, as for 
hydrogen organopolysiloxane, since it is easy to hydrolyze if water is contacted, it is preferred to 
contact hydrogen organopolysiloxane and water just before the 2nd process. 
[0023] 

Thus, as a method of making it contacting just before the 2nd process, hydrogen organopolysiloxane 
and water. In the 1st process, first specifically Alkenyl-group content organopolysiloxane, The 1st 
(a) process of mixing a surface-active agent, water, and a platinum group system catalyst, and 
obtaining a W / O type emulsion reserve raw material is performed, Next, the method of performing 
the 1st (b) process of adding hydrogen organopolysiloxane in this W / O type emulsion reserve raw 
material, and obtaining a W / O type emulsion hardening raw material is mentioned. In this invention, 
a W / O type emulsion reserve raw material is a mixture including alkenyl-group content 
organopolysiloxane, a surface-active agent, water, and a platinum group system catalyst, and what 
presents a W / O type emulsion is said. 
[0024] 

As a mixing method in the case of preparation of a W / 0 type emulsion hardening raw material or a 
W / O type emulsion reserve raw material, Although it may carry out using a common agitator, since 
generation of a W / O type emulsion hardening raw material or a W / O type emulsion reserve raw 
material will be promptly performed if emulsion machines, such as a homogenizer, are used, it is 
desirable. 
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[0025] 

The loadings of the surface-active agent in a W / O type emulsion hardening raw material are 
usually five to 100 weight section preferably one to 300 weight section to alkenyl-group content 
organopolysiloxane 100 weight section. When the loadings of a surface-active agent are in this 
within the limits, since it is easy to obtain a W / O type emulsion, it is desirable. 
[0026] 

The loadings of hydrogen organopolysiloxane in a W / O type emulsion hardening raw material are 
usually 0.1 to 50 weight section to alkenyl-group content organopolysiloxane 100 weight section. 
When the loadings of hydrogen organopolysiloxane are in this within the limits, since the mechanical 
strength of silicone foam and heat resistance which are obtained become high enough, it is 
desirable. 
[0027] 

In a W / O type emulsion hardening raw material, the rate of a compounding ratio of alkenyl-group 
content organopolysiloxane and hydrogen organopolysiloxane, The rate of the hydrogen atom 
combined with the silicon atom in hydrogen organopolysiloxane to one alkenyl group combined with 
the silicon atom in alkenyl-group content organopolysiloxane is usually 0.5-10 pieces, and is 1-4 
pieces preferably. When the rate of a compounding ratio is in this within the limits, since the 
mechanical strength of silicone foam and heat resistance which are obtained become high enough, it 
is desirable. 
[0028] 

The loadings of the water in a W / 0 type emulsion hardening raw material are usually 100 to 300 
weight section preferably 20 to 1 500 weight section to alkenyl-group content organopolysiloxane 
100 weight section. When the loadings of water are in this within the limits, since it is easy to obtain 
a W / O type emulsion and the voidage of the silicone foam obtained becomes large easily, it is 
desirable. Although it is it easy to obtain a W / O type emulsion that the loadings of water are less 
than 100 weight sections, since form becomes hard easily when voidage becomes small, it is not 
desirable. If the loadings of water exceed 300 weight sections, although voidage becomes large and 
can produce soft form, since it is difficult to get, it is not desirable in a W / O type emulsion. 
[0029] 

Although a publicly known quantity of the grade which can promote an addition reaction may be 
sufficient as the loadings of the platinum group system catalyst over a W / O type emulsion 
hardening raw material, the concentration after adding in a W / O type emulsion hardening raw 
material is the quantity converted into the amount of platinum metals, and it is made to usually be 
set to 0.5-1000 ppm, for example. When the loadings of a platinum group system catalyst are in this 
within the limits, an addition reaction is usually fully promoted, and since it is economical, it is 
desirable. 
[0030] 

If the 1 st process is performed, the liquefied or creamy W / O type emulsion hardening raw materia! 
which has alkenyl-group content organopolysiloxane, hydrogen organopolysiloxane, and a platinum 
group system catalyst in an oil reservoir will generate. Water is contained in the water layer 
distributed in an oil reservoir, and the above-mentioned surface-active agent exists in an interface, 
the — the liquefied or creamy W / O type emulsion hardening raw material which has alkenyl-group 
content organopolysiloxane and a platinum group system catalyst in an oil reservoir generates the 
W / O type emulsion reserve raw material obtained after 1(a) process. 
[0031] ' 

The 2nd process is a process of heating the above-mentioned W / O type emulsion hardening raw 
material, stiffening said alkenyl-group content organopolysiloxane and said hydrogen 
organopolysiloxane in an oil reservoir, and obtaining the silicone foam of a damp or wet condition. 
[0032] 

50-100 ** of cooking temperature is usually 60-80 ** preferably. When cooking temperature is in 
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this within the limits, since volatilization of water before an oi! reservoir hardens can be controlled, it 
is desirable. Since the stoma generated in form when water boils wil! become big and rough if 100 ** 
is exceeded, cooking temperature is not preferred. It is not desirable in order to take a long time for 
an oil reservoir to harden that cooking temperature is less than 50 **. Cooking time is usually 0.5 to 
3 hours preferably for 0.5 to 1 0 hours. 
[0033] 

If the 2nd process is performed, the silicone foam of a damp or wet condition will be obtained. In 
order that alkenyl-group content organopolysiloxane and hydrogen organopolysiloxane in the oil 
reservoir of a W / 0 type emulsion hardening raw material may carry out the addition reaction of the 
silicone foam of this damp or wet condition as it is and may harden it, it originates in a water layer - 
- abbreviated — the silicone foam which has a stoma of a uniform size is obtained. If the hydrophilic 
radical denaturation organopolysiloxane in which only the both ends or one end of the molecule 
denaturalized by the hydrophilic group is used for silicone foam as a surface-active agent as 
mentioned above, the stoma structure of silicone foam will turn into independent stoma structure 
easily, If the side chain of a molecule uses the hydrophilic radical denaturation organopolysiloxane 
which denaturalized by the hydrophilic group, the stoma structure of silicone foam will turn into 
continuation stoma structure easily. 
[0034] 

The 3rd process is a process of removing the moisture in the silicone foam of a damp or wet 
condition, and obtaining silicone foam. The dryer etc. which are usually used are used for removal of 
moisture. 100-180 ** of curing temperature is usually 120 ** - 160 ** preferably. 
[0035] 

Silicone foam will be obtained if the 3rd process is performed. A pore diameter is small and the pore 
diameter of this silicone foam is abbreviated homogeneity, the density of this silicone foam — 
usually — 0.10 - 0.80 g/cm 2 — it is 0.20-0.40g[/cm ] 2 preferably. 5-100 micrometers of pitch 
diameters of a stoma are usually 10-50 micrometers preferably. The voidage of this silicone foam is 
usually 20 to 50% preferably 15 to 90%. Here, voidage means the value which **(ed) the whole void 
product with bulk volume. 
[0036] 

The silicone foam obtained by this invention can be used as shock absorbing material, thermal 

insulation, etc., for example. 

[0037] 

[Working example] 

Although an working example is shown below, this invention is limited to these and is not 

interpreted. 

[0038] 

Working example 1 

Alkenyl-group content organopolysiloxane (Shin-Etsu Chemical Co. Ltd. KE106) 100 weight section 
of viscosity 3500cSt at 25 **, After agitating water 300 weight section and one end carbino! 
modified silicone oil (Shin-Etsu Chemical Co. Ltd. X-22-176DX) 80 weight section of viscosity 
130cSt at 25 ** for 15 minutes by a hybrid mixer (made by KEYENCE CORP.), Hydrogen 
organopolysiloxane (Shin-Etsu Chemical Co. Ltd. CAT-RG) 10 weight section of viscosity 500cSt at 
25 ** was added, it agitated for 1 minute, and the liquefied W / O type emulsion hardening raw 
material in which organopolysiloxane is contained in an oil reservoir was obtained. The platinum 
group system catalyst of sufficient quantity to carry out the addition reaction of alkenyl-group 
content organopolysiloxane and the hydrogen organopolysiloxane in addition to alkenyl-group 
content organopolysiloxane is included in Shin-Etsu Chemical Co. Ltd. KE106. This emulsion 
hardening raw material was poured into the mold, at 70 **, it heats for 3 hours, the addition reaction 
was carried out, and it was made to harden. Then, the silicone foam of the acquired damp or wet 
condition was neglected in a 150 ** dryer for 2 hours, and silicone foam was obtained. Density is 
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[ the pitch diameter of 0.39 g/cm and a stoma ] 1 5 micrometers, voidage was 60%, this silicone 
foam is independent stoma structure, and it was contracted [ the volume change before and behind 
hardening is -5%, and ] after hardening. Here, a volume change is **(ed) by the volume before 
hardening the value which lengthened the volume before hardening from the volume after hardening. 
[0039] 

Working example 2 

Make the loadings of a platinum group system catalyst into one weight section, and the loadings of 
water are made into 330 weight sections, To one end carbinol modified silicone oil 80 weight section. 
Both-ends carbinol modified silicone oil (Shin-Etsu Chemical Co. Ltd. KF6003) 25 weight section 
[ in / it replaces with and / 25 ** ] of viscosity 1 lOcSt, and the side-chain polyether modified 
silicone oil of viscosity 150cSt at 25 ** (HLB: Shin-Etsu Chemical Co. Ltd. KF6015) 4) Except 
having used 25 weight sections, like the working example 1, the creamy W / O type emulsion 
hardening raw materia! was obtained, and silicone foam was obtained like the working example 1. 
Density is [ the pitch diameter of 0.35 g/cm 2 and a stoma ] 80 micrometers, voidage was 65%, this 
silicone foam is continuation stoma structure, and it was contracted [ the volume change before and 
behind hardening is -3%, and ] after hardening. 
[0040] 

Comparative example 1 

Make the loadings of a platinum group system catalyst into one weight section, and the loadings of 
water are made into 330 weight sections, It is made to be the same as that of the working example 
1 except having replaced with one end carbinol modified silicone oil 80 weight section, and having 
used side-chain polyether modified silicone oil (Shin-Etsu Chemical Co. Ltd. KF6011, HLB:12) 30 
weight section of viscosity 130cSt at 25 **, The liquefied O / W type emulsion hardening raw 
materia! was obtained. This emulsion hardening raw material was poured into the mold like the 
working example 1, when it heated for 3 hours and was made to harden at 70 **, only 
organopoiysiloxane in an emulsion hardening raw materia! hardened massive, and the silicone foam of 
the damp or wet condition was not obtained. 
[0041] 

[Effect of the Invention] 

According to the manufacturing method of the silicone foam concerning this invention, a pore 
diameter is small and the pore diameter of the silicone foam obtained is abbreviated homogeneity. 
It excels in rigidity and adiathermancy. 

According to this method, the volume change at the time of forming the silicone foam of a damp or 
wet condition from a W / O type emulsion hardening raw material at the 2nd process is small. For 
this reason, silicone foam desirable as shock absorbing material or thermal insulation can be easily 
manufactured with shaping with a mold. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] 

This invention relates to silicone foam suitably used as shock absorbing material or thermal 

insulation, and a manufacturing method for the same. 

[0002] 
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PRIOR ART 



[Description of the Prior Art] 

Conventionally, various methods are known as a manufacturing method of silicone foam. For 
example, the method of obtaining silicone foam by making it harden using silicone rubber of the kind 
in which it foams at the time of hardening, The method (JP,H7-122000,B) of making it foam by 
generating of the steam at the time of heating is known by using the aquosity emulsion containing 
the water and the viscous agent as alkenyi-group content organopolysiloxane, an emulstfier, and a 
foaming agent as a base. 
[0003] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] 

According to the manufacturing method of the silicone foam concerning this invention, a pore 
diameter is small and the pore diameter of the silicone foam obtained is abbreviated homogeneity. 
It excels in rigidity and adiathermancy. 

According to this method, the volume change at the time of forming the silicone foam of a damp or 
wet condition from a W / O type emulsion hardening raw material at the 2nd process is small. For 
this reason, silicone foam desirable as shock absorbing material or thermal insulation can be easily 
manufactured with shaping with a mold. 
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TECHNICAL PROBLEM 



[Problem to be solved by the invention] 

However, in the method to which the above gases are made to foam, since the path of the stoma in 
silicone foam was as large as about hundreds-1000 micrometers, rigidity and adiathermancy became 
insufficient easily. In order to make it foam with a gas, the problem that it was large and shaping with 
a mold was difficult also had a volume change before and behind foam curing. In order to make it 
foam with a gas, there was a problem that dispersion in the size of a stoma was large and it was 
difficult to control in a uniform size. 
[0004] 

Therefore, the purpose of this invention is to provide the manufacturing method of the silicone foam 
which can be manufactured in the state where the size of a stoma is small, and a volume change is 
small before and after form forming the silicone foam which is excellent in rigidity and 
adiathermancy, and this silicone foam. 
[0005] 
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MEANS 

[Means for solving problem] 

As a result of inquiring wholeheartedly, this invention persons in this actual condition Aikenyl-group 
content organopolysiloxane, The size of a stoma is small, when a W / 0 type emulsion hardening raw 
material including a surface-active agent, hydrogen organopolysiloxane, water, and a platinum group 
system catalyst is heated and the addition reaction of alkenyl-group content organopolysiloxane and 
hydrogen organopolysiloxane in an oil reservoir is carried out, Before and after form forming the 
silicone foam which is excellent in rigidity and adiathermancy, a volume change finds out that it can 
manufacture in the small state, and came to complete this invention. 
[0006] 

This invention Namely, alkenyl-group content organopolysiloxane 100 weight section, One to 
surface-active agent 300 weight section, 0.1 to hydrogen organopolysiloxane 50 weight section, The 
1st process of obtaining a W / O type emulsion hardening raw material including 20 to water 1500 
weight section, and a platinum group system catalyst. Heat this W / O type emulsion hardening raw 
material, and the addition reaction of said alkenyl-group content organopolysiloxane and said 
hydrogen organopolysiloxane in an oil reservoir is carried out, The manufacturing method of silicone 
foam including the 3rd process of removing the moisture in the silicone foam of the 2nd process of 
obtaining the silicone foam of a damp or wet condition, and this damp or wet condition, and obtaining 
silicone foam is provided. 
[0007] 

As for this invention, density provides silicone foam, wherein 0.1 0-0.80g[/cm ] 3 and an average 

pore diameter are 5-100 micrometers. 

[0008] 

[Mode for carrying out the invention] 

The 1st process is a process of obtaining a W / O type emulsion hardening raw material including 
alkenyl-group content organopolysiloxane, a surface-active agent, hydrogen organopolysiloxane, 
water, and a platinum group system catalyst. 
[0009] 

The alkenyl-group content organopolysiloxane used by this invention is the following average 
composition formula (1). 

Rl n Si0 (4-n)/2^ 

( — substitution that the inside of a formula and R 1 are the same, or of a different kind or an 
unsubstituted monovalent hydrocarbon group, and n — 1.95-2.08 — it is a positive number of 1.98- 
2.02 preferably.) — it is organopolysiloxane shown and has the alkenyl group combined with an 
average of two or more silicon atoms in the molecule. 
[0010] 

R 1 is the carbon numbers 1—12 combined with the silicon atom especially the substitution of 1-8, or 
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an unsubstituted monovalent hydrocarbon group here, For example, a methyl group, an ethyl group, a 
propyl group, an isopropyl group, a butyl group, An isobuty! group, a tert-butyl group, a pentyi group, 
a neopentyl group, Alkyl groups, such as a hexyl group, a heptyl group, an octyi group, a nonyl group, 
a decyl group, and dodecy!, Cycloalkyl groups, such as a cyclopentylic group, a cyclohexyl group, and 
a cycloheptyl group, A vinyl group, an allyl group, a propenyl group, an isopropeny! group, a butenyf 
group, Aikenyl groups, such as an isobutenyl group, a hexenyl group, and a cyclohexenyl group, Aryl 
groups, such as a phenyl group, a tolyl group, a xylyl group, a naphthyl group, and a biphenyl group, 
The chloromethyl group by which some or all of the hydrogen atom in araikyl groups, such as benzyl, 
a phenylethyl group, a phenylpropyl group, and a methyibenzyl group, or these hydrocarbon groups 
was replaced by halogen atoms, cyano groups, etc., such as F, CI, and Br, 2-bromoethyl group, a 
3,3,3-trtfluoropropy! group, 3-chloropropy! group, a cyanoethyl group, etc. are mentioned. 
[0011] 

In this case, at least an average of two in the substitution shown by the above-mentioned R 1 or an 
unsubstituted monovalent hydrocarbon group are an aikenyl group, and, as for especially the 
quantity of an aikenyl group, 0.001-0.1 mol is preferred 0.0001-1 mol in the alkenyl-group content 
organopolysiloxane 100g. It may combine with the silicon atom of molecular chain terminals, or may 
combine with the silicon atom in the middle of a chain, and an aikenyl group may exist in both. 
[0012] 

As for n, it is preferred among the above-mentioned formula (1) 1.95-2.08, and that it is a positive 
number of 1.98-2.02 preferably, and the molecular structure of this alkenyl-group content 
organopolysiloxane is straight chain shape which consists of a repetition of JIORUGANO siloxane 
units. Although it is preferred that it is what has an aikenyl group in chain both ends at least, it may 
have the branched state structure which includes R 1 Si0 3 / 2 unit, and Si0 4 / 2 unit in a part. As for 

this alkenyl-group content organopolysiloxane, it is preferred that those molecular chain terminals 
are blocked by bird organosilyl groups, such as trivinylsilyl, methyldi vinylsilyl, dimethylvinylsilyl, or a 
trimethylsilyl group. 
[0013] 

It is usually 25 or more cSt at 25 **, and since emulsion-izing according that it is 250 - 10,000cSt 
still more preferably to churning is preferably easy for the viscosity of this alkenyl-group content 
organopolysiloxane 25 to 500,000 cSt, it is preferred. 
[0014] 

As a surface-active agent used by this invention, hydrophilic radical denaturation organopolysiloxane 
is mentioned, for example. Here, hydrophilic radical denaturation organopolysiloxane means the 
organopolysiloxane which has hydrophilic radicals, such as a hydroxyl group and an organic group 
which has an ether bond. Since alkenyl-group content organopolysiloxane and hydrogen 
organopolysiloxane which are contained in an oil reservoir in this invention as the hydrophobic part 
of a surface-active agent is organopolysiloxane, and compatibility are good, it is desirable. At least 
one sort chosen from the group which consists of carbinol modified silicone oil, polyether modified 
silicone oil, epoxy modified silicone oil, and carboxyl modified silicone oil as such hydrophilic radical 
denaturation organopolysiloxane, for example is mentioned. 
[0015] 

As for hydrophilic radical denaturation organopolysiloxane, if only the both ends or one end of a 
molecule denaturalizes by a hydrophilic group, in order that hydrophilic radical denaturation 
organopolysiloxane may show the dispersion effect of the waterdrop by steric exclusion, the form of 
independent stoma structure will become is easy to be obtained. On the other hand, if the side chain 
of a molecule denaturalizes by a hydrophilic group, hydrophilic radical denaturation 
organopolysiloxane has the weak electrostatic repulsion between waterdrop, and since waterdrop 
adjoins and exists in an emulsion, the form of continuation stoma structure will become is easy to 
be obtained. Therefore, what is necessary is just to choose the kind of hydrophilic radical 
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denaturation organopolysiloxane suitably according to the stoma structure expected to the silicone 

foam to manufacture. 

[0016] 

although HLB of a surface-active agent is not what is limited especially since aW/O type emulsion 
hardening raw material should just be obtained as a result in this invention — usually — 0-6 — it is 
0-4 preferably. 
[0017] 

The viscosity at 25 ** of a surface-active agent is usually 10 - 1000cSt preferably ten to 30000 
cSt. When viscosity is in this within the limits, since emulsion-izing by churning is easy, it is 
desirable. 
[0018] 

The hydrogen organopolysiloxane used by this invention, It is organopolysiloxane which has at least 
two SiH groups (namely, hydrogen atom combined with the silicon atom) in one molecule, Although it 
may be any of straight chain shape, annular, branched state, and three-dimensional network 
structure and the publicly known ORGANO hydrogen polysiloxane can be used as a hardening agent 
(cross linking agent) of an addition reaction hardening type silicone rubber composition, it is usually 
the following average composition formula (2). 

R 2 a H b SiO (4 _ a _ b)/2 (2) 

the inside of a formula and R are the same as that of the above-mentioned R — desirable — the 
carbon numbers 1-12 — especially — the alkyl group of 1-8. It is an alkenyl group, an aryl group, an 
araikyl group, and unsubstituted or the substitution monovalent hydrocarbon group of these 
halogenation objects, and what does not contain aliphatic unsaturated bonds is preferred, and a 
methyl group, a phenyl group, and a 3,3,3-trifluoropropyl group are preferred especially, a and b are 

0. 802<=a+b<=3 and a positive number which fills 1.01 <=a+b<=2.5 with 1<=a<=2 and 0.01<=b<=1 
preferably in 0.8<=a<=2.2 and 0.002<=b<=1. What is shown can be used. 

[0019] 

Although it has preferably the three or more above-mentioned SiH groups in [ at least two ] one 
molecule, this may be in molecular chain terminals, or there may be in the middle of a chain. Since 
emulsion-izing according that the viscosity at 25 ** is especially 1 - 1,000cSt one to 10,000 cSt to 
churning is easy for the ORGANO hydrogen polysiloxane, it is preferred. As for especially the 
ORGANO hydrogen polysiloxane, it is preferred that the 2-500 number of degrees of polymerization, 

1. e., the silicon atom in one molecule, is 4-200. 
[0020] 

The platinum group system catalyst used by this invention is a catalyst for carrying out the addition 
reaction of the silicon atom absorbed water matter atom in hydrogen organopolysiloxane to the 
alkenyl group of alkenyl-group content organopolysiloxane. As a platinum group system catalyst, 
there are the metal simple substance and compound of a platinum group, and a publicly known thing 
can be conventionally used for this. For example, the particle-iike platinum metal made to adsorb on 
platinum black, silica, alumina, or a carrier like silica gel, A complex with platinic chloride, 
chloroplatinic acid, and chloroplatinic acid 6 monohydrate, an olefin, or divinyi dimethylpolysiloxane, 
the alcohol solution of chloroplatinic acid 6 monohydrate, a palladium catalyst, a rhodium catalyst, 
etc. are mentioned. 
[0021] 

In the 1st process, the above-mentioned alkenyl-group content organopolysiloxane, a surface-active 
agent, hydrogen organopolysiloxane, water, and a platinum group system catalyst are mixed, and the 
W / O type emulsion hardening raw material containing these is obtained. In this invention, say a W / 
O type emulsion hardening raw material, and the raw material of the heat cure of the 2nd process 
specifically, It is a mixture including alkenyl-group content organopolysiloxane, a surface-active 
agent, hydrogen organopolysiloxane, water, and a platinum group system catalyst, and what presents 
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a W / 0 type emulsion is said. 
[0022] 

It is not limited, and may dissolve, for example in a suitable order for water, and especially mixed 
sequence forewords, such as aikenyl-group content organopolysiloxane in the case of preparation of 
a W / O type emulsion hardening raw material, may mix these simultaneously. However, as for 
hydrogen organopolysiloxane, since it is easy to hydrolyze if water is contacted, it is preferred to 
contact hydrogen organopolysiloxane and water just before the 2nd process. 
[0023] 

Thus, as a method of making it contacting just before the 2nd process, hydrogen organopolysiloxane 
and water. In the 1st process, first specifically Aikenyl-group content organopolysiloxane, The 1st 
(a) process of mixing a surface-active agent, water, and a platinum group system catalyst, and 
obtaining a W / 0 type emulsion reserve raw material is performed, Next, the method of performing 
the 1st (b) process of adding hydrogen organopolysiloxane in this W / 0 type emulsion reserve raw 
material, and obtaining a W / O type emulsion hardening raw material is mentioned. In this invention, 
a W / O type emulsion reserve raw material is a mixture including aikenyl-group content 
organopolysiloxane, a surface-active agent, water, and a platinum group system catalyst, and what 
presents a W / 0 type emulsion is said. 
[0024] 

As a mixing method in the case of preparation of a W / O type emulsion hardening raw material or a 
W / O type emulsion reserve raw material, Although it may carry out using a common agitator, since 
generation of a W / 0 type emulsion hardening raw material or a W / O type emulsion reserve raw 
material will be promptly performed if emulsion machines, such as a homogenizer, are used, it is 
desirable. 
[0025] 

The loadings of the surface-active agent in a W / O type emulsion hardening raw material are 
usually five to 100 weight section preferably one to 300 weight section to aikenyl-group content 
organopolysiloxane 100 weight section. When the loadings of a surface-active agent are in this 
within the limits, since it is easy to obtain a W / O type emulsion, it is desirable. 
[0026] 

The loadings of hydrogen organopolysiloxane in a W / O type emulsion hardening raw material are 
usually 0.1 to 50 weight section to aikenyl-group content organopolysiloxane 1 00 weight section. 
When the loadings of hydrogen organopolysiloxane are in this within the limits, since the mechanical 
strength of silicone foam and heat resistance which are obtained become high enough, it is 
desirable. 
[0027] 

In a W / O type emulsion hardening raw material, the rate of a compounding ratio of aikenyl-group 
content organopolysiloxane and hydrogen organopolysiloxane, The rate of the hydrogen atom 
combined with the silicon atom in hydrogen organopolysiloxane to one alkenyl group combined with 
the silicon atom in aikenyl-group content organopolysiloxane is usually 0.5-10 pieces, and is 1-4 
pieces preferably. When the rate of a compounding ratio is in this within the limits, since the 
mechanical strength of silicone foam and heat resistance which are obtained become high enough, it 
is desirable. 
[0028] 

The loadings of the water in a W / O type emulsion hardening raw material are usually 100 to 300 
weight section preferably 20 to 1 500 weight section to aikenyl-group content organopolysiloxane 
100 weight section. When the loadings of water are in this within the limits, since it is easy to obtain 
a W / O type emulsion and the voidage of the silicone foam obtained becomes large easily, it is 
desirable. Although it is it easy to obtain a W / O type emulsion that the loadings of water are less 
than 100 weight sections, since form becomes hard easily when voidage becomes small, it is not 
desirable. If the loadings of water exceed 300 weight sections, although voidage becomes large and 
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can produce soft form, since it is difficult to get, it is not desirable in a W / 0 type emulsion. 
[0029] 

Although a publicly known quantity of the grade which can promote an addition reaction may be 
sufficient as the loadings of the platinum group system catalyst over a W / 0 type emulsion 
hardening raw material, the concentration after adding in a W / O type emulsion hardening raw 
material is the quantity converted into the amount of platinum metals, and it is made to usually be 
set to 0.5-1000 pptm, for example. When the loadings of a platinum group system catalyst are in this 
within the limits, an addition reaction is usually fully promoted, and since it is economical, it is 
desirable. 
[0030] 

If the 1st process is performed, the liquefied or creamy W / O type emulsion hardening raw material 
which has alkenyl-group content organopolysiloxane, hydrogen organopolysiloxane, and a platinum 
group system catalyst in an oil reservoir will generate. Water is contained in the water layer 
distributed in an oil reservoir, and the above-mentioned surface-active agent exists in an interface, 
the — the liquefied or creamy W / O type emulsion hardening raw material which has alkenyl-group 
content organopolysiloxane and a platinum group system catalyst in an oil reservoir generates the 
W / O type emulsion reserve raw material obtained after 1(a) process. 
[0031] 

The 2nd process is a process of heating the above-mentioned W / O type emulsion hardening raw 
material, stiffening said alkenyl-group content organopolysiloxane and said hydrogen 
organopolysiloxane in an oil reservoir, and obtaining the silicone foam of a damp or wet condition. 
[0032] 

50-100 ** of cooking temperature is usually 60-80 ** preferably. When cooking temperature is in 
this within the limits, since volatilization of water before an oil reservoir hardens can be controlled, it 
is desirable. Since the stoma generated in form when water boils will become big and rough if 100 ** 
is exceeded, cooking temperature is not preferred. It is not desirable in order to take a long time for 
an oil reservoir to harden that cooking temperature is less than 50 **. Cooking time is usually 0.5 to 
3 hours preferably for 0.5 to 10 hours. 
[0033] 

If the 2nd process is performed, the silicone foam of a damp or wet condition will be obtained. In 
order that alkenyl-group content organopolysiloxane and hydrogen organopolysiloxane in the oil 
reservoir of a W / 0 type emulsion hardening raw material may carry out the addition reaction of the 
silicone foam of this damp or wet condition as it is and may harden it, it originates in a water layer - 
- abbreviated — the silicone foam which has a stoma of a uniform size is obtained, if the hydrophilic 
radical denaturation organopolysiloxane in which only the both ends or one end of the molecule 
denaturalized by the hydrophilic group is used for silicone foam as a surface-active agent as 
mentioned above, the stoma structure of silicone foam will turn into independent stoma structure 
easily, If the side chain of a molecule uses the hydrophilic radical denaturation organopolysiloxane 
which denaturalized by the hydrophilic group, the stoma structure of silicone foam will turn into 
continuation stoma structure easily. 
[0034] 

The 3rd process is a process of removing the moisture in the silicone foam of a damp or wet 
condition, and obtaining silicone foam. The dryer etc. which are usually used are used for removal of 
moisture. 100-180 ** of curing temperature is usually 120 ** - 160 ** preferably. 
[0035] 

Silicone foam will be obtained if the 3rd process is performed. A pore diameter is small and the pore 
diameter of this silicone foam is abbreviated homogeneity, the density of this silicone foam — 

usually — 0.10 - 0.80 g/cm 2 — it is 0.20-0.40g[/cm ] 2 preferably. 5-100 micrometers of pitch 
diameters of a stoma are usually 10-50 micrometers preferably. The voidage of this silicone foam is 
usually 20 to 50% preferably 15 to 90%. Here, voidage means the value which **(ed) the whole void 
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product with bulk volume. 
[0036] 

The silicone foam obtained by this invention can be used as shock absorbing material, thermal 

insulation, etc., for example. 

[0037] 



[Translation done.] 
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EXAMPLE 



[Working example] 

Although an working example is shown below, this invention is limited to these and is not 

interpreted. 

[0038] 

Working example 1 

Alkenyhgroup content organopolysiloxane (Shin-Etsu Chemical Co. Ltd. KE106) 100 weight section 
of viscosity 3500cSt at 25 **, After agitating water 300 weight section and one end carbinol 
modified silicone oil (Shin-Etsu Chemical Co. Ltd. X-22-176DX) 80 weight section of viscosity 
130cSt at 25 ** for 15 minutes by a hybrid mixer (made by KEYENCE CORP.), Hydrogen 
organopolysiloxane (Shin-Etsu Chemical Co. Ltd. CAT-RG) 10 weight section of viscosity 500cSt at 
25 ** was added, it agitated for 1 minute, and the liquefied W / O type emulsion hardening raw 
material in which organopolysiloxane is contained in an oil reservoir was obtained. The platinum 
group system catalyst of sufficient quantity to carry out the addition reaction of alkenyl-group 
content organopolysiloxane and the hydrogen organopolysiloxane in addition to alkenyl-group 
content organopolysiloxane is included in Shin-Etsu Chemical Co. Ltd. KE106. This emulsion 
hardening raw material was poured into the mold, at 70 **, it heats for 3 hours, the addition reaction 
was carried out, and it was made to harden. Then, the silicone foam of the acquired damp or wet 
condition was neglected in a 150 ** dryer for 2 hours, and silicone foam was obtained. Density is 

[ the pitch diameter of 0.39 g/cm 2 and a stoma ] 1 5 micrometers, votdage was 60%, this silicone 
foam is independent stoma structure, and it was contracted [ the volume change before and behind 
hardening is -5%, and ] after hardening. Here, a volume change is **(ed) by the volume before 
hardening the value which lengthened the volume before hardening from the volume after hardening. 
[0039] 

Working example 2 

Make the loadings of a platinum group system catalyst into one weight section, and the loadings of 
water are made into 330 weight sections, To one end carbinol modified silicone oil 80 weight section. 
Both-ends carbinol modified silicone oil (Shin-Etsu Chemical Co. Ltd. KF6003) 25 weight section 
[ in / it replaces with and / 25 ** ] of viscosity 1 10cSt, and the side-chain polyether modified 
silicone oil of viscosity 150cSt at 25 ** (HLB: Shin-Etsu Chemical Co. Ltd. KF6015) 4) Except 
having used 25 weight sections, like the working example 1, the creamy W / O type emulsion 
hardening raw material was obtained, and silicone foam was obtained like the working example 1. 

Density is [ the pitch diameter of 0.35 g/cm 2 and a stoma ] 80 micrometers, voidage was 65%, this 
silicone foam is continuation stoma structure, and it was contracted [ the volume change before and 
behind hardening is -3%, and ] after hardening. 
[0040] 

Comparative example 1 

Make the loadings of a platinum group system catalyst into one weight section, and the loadings of 
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water are made into 330 weight sections, It is made to be the same as that of the working example 
1 except having replaced with one end carbinol modified silicone oil 80 weight section, and having 
used side-chain poiyether modified silicone oil (Shin-Etsu Chemical Co. Ltd. KF6011, HLB:12) 30 
weight section of viscosity 130cSt at 25 **, The liquefied 0 / W type emulsion hardening raw 
materia] was obtained. This emulsion hardening raw materia! was poured into the mold like the 
working example 1, when it heated for 3 hours and was made to harden at 70 **, only 
organopolysiloxane in an emulsion hardening raw material hardened massive, and the silicone foam of 
the damp or wet condition was not obtained. 
[0041] 



[Translation done.] 
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